The surface an9 gas-phase reactions in tungsten chemical vapor deposition (W-QVD) -qle quantitatively investigated as a function of the inlet gas flow ratio (FR) of S|H4/WF5, using in-situ Fourier-transform infrared (FT-|R) spectloscopy. lt is clarified that abrupt changes of selectivity and film characteristics at FR=1-1.5 are caused by gas-phase reactions. These gas-phase reactions occur at temperatures as low a3 room temperature when FR>1 -1.5, which are accompanied by visible luminescence.
Introduction
Tungsten chemical vapor deposition (W-CVD) using tungsten hexafluoride (WFo) and monosilane (SiHa) is the most promising to fill vias and contacts of deep submicron ULSls. The reaction mechanism, e.g. the transition mechanism between selective and blanket deposition, has recently gathered much attention.
Many workers have reported that both selectivity and film characteristics, such as its composition, resistivity, and stress, strongly depend on the inlet gas flow ratio (FR) In this study, the surface and gas-phase reactions are quantitatively investigated using insitu Fourier-transform infrared (FT-lR) spectroscopy. We compare the reactions at room temperature with those at 300oC. As a result, it is newly found that, in the W-CVD at 300oC, the gas-phase reactions are dominant and cause selectivity loss when FR>1-1.5, while the surface reactions are d_ominant when FR<1-1.5. PB1.5
Experimental
The experimental apparatus consists of the preparation chamber, the cold-wall CVD chamber, and the analysis chamber. In the CVD chamber, the reaction gases were quantitatively anaf yzed by in-situ FT-IR spectroscopy and quadrupole mass spectrometry (Q-mass), as shown in Fig. 2 . The inside of the CVD chamber can be observed during W-CVD through a quartz window.
In order to investigate the gas-phase reactions, it is desirable to keep the whole system, the CVD chamber and reaction gases, at the same temperature. Thus, the reactions of SiHa/WF6 mixtures were investigated at room temperature. In this experiment, the temperature of the whole system is almost the same as that of the watercooled CVD chamber wall (20"C). The inlet gas flow ratio (FR) was varied from 0.5 to 25, and the total pressure was 40 Pa (diluted with N2).
These results were compared with those of the W-CVD at 300oC. The CVD experimental conditions are as follows. The wafer temperature was 300'C. The FR was varied from 0.5 to 3, and the total pressure was 40 Pa (diluted with N2).
Tungsten film was deposited on a 100 nm thick sputter-deposited W film on a thermally oxidized wafer. The wafer was heated from the front side through a quartz window using halogen lamps. 
Results and Discussions
(1) Gas-phase reaction analysis at room temperature The partial pressure of the reaction gases is shown in Fig. 3 In those experiments, when FR>1.3, the W powders were deposited onto the CVD chamber wall. The deposit contained B-W, as determined by X-ray Diffraction (XD). The SEM observation oi tne W powders showed that they consisted of poly-crystalline W.
(2) W-CVD at 300oC
The partial pressure of the reaction gases determined by FT-IR is shown in Fig. 4 
